Objective. To investigate the construct validity and reliability of US DAS compared with 28-joint DAS (DAS-28) in assessing joint inflammation and in prediction of structural damage in patients with RA.
Introduction
Clinical scoring and grading methods for the assessment of arthritis currently used in clinical trials and daily practice are of insufficient sensitivity and reproducibility. The composite 28-joint DAS (DAS-28) is most frequently used in the assessment of RA disease activity [1] . There are some potential pitfalls in the use of the DAS-28 as the main response criterion in the treatment guidelines for patients with RA. The important potential pitfalls are: (i) subjectivity of clinical assessments; and (ii) very high tender joint count and small changes in ESR, which may disproportionately affect the score at the low end of the reference range [2] . Considerable variations in clinical assessment of synovitis were recorded between different observers, as well as different centres in clinical trials and clinical practice [35] . The joint count is an indirect assessment of inflammation in a joint and it can hardly be regarded as an objective measure. Clinical assessment has been confronted with the growing body of evidence that MRI and high-resolution US are more sensitive in detecting synovitis [611] . MRI seems to be the most sensitive imaging technique available. However, it is too time consuming and expensive for everyday clinical practice. High-resolution US examination identifies pathologies with similar accuracy to MRI and has many advantages: it is non-invasive, fast and much cheaper than MRI, allows dynamic examination and could be easily applied in routine clinical practice. Several studies clearly demonstrated the significance of both grey-scale (GS) and Doppler US for detecting and evaluating inflammatory activity in synovial joints [1217] .
A number of studies have tested the validity of GS ultrasonography (GSUS) and colour Doppler US (CDUS) or power Doppler US (PDUS) techniques for evaluating inflammatory activity in affected joints. In most cases, the GSUS and CDUS or PDUS findings have been compared with clinical, laboratory, histological, radiographic and/or MRI findings [6, 7, 11, 13, 14, 18] . OMERACT US interest group [15] has noted significant problems regarding reliability of image acquisition and interpretation of still images. Other data published regarding the reliability of US assessment of synovitis appear to be conflicting [17, 19, 20] . Few attempts have been made to develop a global US scoring system for synovitis [21, 22] .
To the best of our knowledge, no attempts have been made so far to develop a composite index that includes US scoring of synovitis, instead of clinical scoring of number of swollen and tender joints, in the current composite indices evaluating RA disease activity. Since highresolution US is proven to be more sensitive in detecting synovitis [611, 20] , PD semi-quantitative scoring of synovitis, as well as GDUS scoring of E/H count, could potentially replace the clinical tender and swollen joints count in the current composite DASs. This replacement could improve the sensitivity and reliability of the composite indices, facilitate the evaluation of RA disease activity and improve therapy-related decisions.
The primary objective of this study was to develop a composite US DAS index combining the values of PDUS, GSUS, laboratory and clinical variables, and to investigate its constructive validity and reliability compared with DAS-28 in patients with RA. The secondary objective was to assess predictive validity of US DAS for historical and future structural joint damage evaluated by X-ray, US and MRI.
Patients and methods

Patients' characteristics
A group of 90 patients fulfilling the 1987 ARA criteria for RA [23] , with clinically active disease, were recruited at the Institute of Rheumatology, Belgrade, Serbia, from September 2007 to October 2010, and followed up during the 6 months of treatment. All of them were treated with MTX, or with other DMARDs, including biologic agents. The study was conducted in agreement with the Declaration of Helsinki and was approved by two relevant ethics committees (Ethics Committee of the Institute of Rheumatology, and Ethics Committee of the Belgrade University School of Medicine). All patients gave their informed consent before entering the study.
Baseline data were obtained from all 90 patients. Complete follow-up data were acquired from 64 out of 90 patients. The mean (S.D.) age of patients was 55.8 (11.6) years (range 2782 years) and the mean (S.D.) disease duration was 60.3 (61.6) months (range 4360 months). At study entry, RF was positive in 74 (82.2%) patients and antibodies to CCP (anti-CCPs) were positive in 70 (77.8%) patients.
Clinical, laboratory and radiographic assessment DAS-28 [1] was determined for each patient at baseline and after 6 months of treatment. The swollen 28-joint count (SJC28) and tender 28-joint count (TJC28) were performed by two clinicians (V.M. and K.S.P.), blinded for the history data and US findings. The final DAS-28 for each patient was calculated as an average value of the two findings.
Blood was taken for ESR and CRP analysis by standard laboratory techniques. The patients with symptoms or signs suggesting infection, or those with urine dipstick finding positive for nitrites, were excluded from the study.
In all patients conventional radiography of hands, wrists and feet was recorded at baseline, and after 6 months of treatment. Radiographic progression of the disease was assessed by Sharp-Genant (SG) scores [24] , considering erosion score, joint space narrowing (JSN) score, and total SharpGenant score (TSGS). In addition to SG scores, we performed the calculation of SG erosion rate (SGER) and the TSGS rate (TSGSR) by dividing the corresponding scores by the number of months of disease duration.
US and MRI assessment
All patients underwent blinded PDUS and GSUS examination within the 24 h of clinical assessment, at baseline and after 6 months. The temperature in the examination room was between 22 and 24 C. A PDUS examination of 22 joints and GSUS examination for effusion/hypertrophy (E/H) of 28 joints were performed by two independent examiners (G.R. and S.P.). PDUS and GSUS examinations were based on standard European League Against Rheumatism (EULAR) reference scans and consensus definitions [2528], using US system workstation Logiq9 (GE Medical Systems, Waukesha, WI, USA) with a M12L Matrix Array 513 MHz linear probe. US examiners were blinded to clinical findings.
For the PD studies, the Doppler settings were optimized to low flow, with a medium wall filter (to minimize flash artefact). The pulse repetition frequency (PRF) was adjusted to provide maximal sensitivity at the lowest possible value for each joint, resulting in PRF of 500750 Hz. The colour gain was adjusted to the level just below the noise floor.
GSUS E/H was qualitatively graded as absent (0) or present (1) in the following joints: MCP joints, PIP joints, wrists, elbows, shoulders and knees (with sum range 028). PDUS was semi-quantitatively graded based on method of Szkudlarek et al. [29] . PD semi-quantitative www.rheumatology.oxfordjournals.org
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Ultrasound disease activity score in RA score was graded in the following 22 joints: wrists, MCP joints and MTP joints (sum range 066).
PDUS score for synovitis in 22 joints (PD22) and GSUS score for E/H in 28 joints (E/H28) were included in the US DAS calculation. US DAS was designed by replacing the number of tender joints in DAS-28 with PD semiquantitative score of the 22 joints and by replacing the number of swollen joints with GSUS E/H28 score. The formula for US DAS is as follows: Disease progression was assessed by calculating the US DAS. Structural damage was assessed by US recording of US erosion count (USEC). USEC was the number of joints with erosions among the selected joints: wrists, MCP joints, PIP joints and MTP joints. In addition to USEC, we calculated US erosion rate (USER) by dividing the number of selected joints (where erosions were detected), with disease duration (in months). US DAS was compared with DAS-28. PDUS inter-observer reliability as well as GSUS inter-observer reliability was evaluated.
At baseline, a subgroup of 25/90 randomly assigned patients additionally underwent MRI examination of the hands on a Magnetom Siemens Avanto with total imaging matrix (TIM) technology (76 Â 18), with a field strength of 1.5T, produced in Erlangen, Germany 2007. We used a multiplanar approach with T1W/T2W/TIM sequences and, in addition, a T1W/vibe 3D isovoxel sequence before and after intravenous gadolinium contrast administration. MRI was performed on the same day when all other procedures were completed. Scoring of hand MRIs was carried out using the EULAR-OMERACT RA MRI reference image atlas [30] . Only wrists and MCP joints were scored for bone erosions. Erosion MRI scores, as well as MRI erosion rates of wrists and MCP joints were used to determine disease progression. The MRI erosion rate was calculated by dividing the MRI erosion score by disease duration (in months).
Statistical analysis
Data evaluation and statistical analysis were performed using SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA). Normally distributed continuous data were summarized by mean and S.D. Categorical data were analysed using chi-squared tests. Any value of P < 0.05 was considered statistically significant. Inter-observer agreement was assessed by kappa (k) statistics, unweighted for dichotomous scoring (e.g. presence/absence of E/H). A k-value of 00.20 was considered poor, 0.210.40 fair, 0.410.60 moderate, 0.610.80 good and 0.811.00 excellent [31] . With MRI as the reference method, the area under the receiver operating characteristic (ROC) curve for the sensitivity and specificity of GSUS and joint swelling were calculated. The correlations between continuous clinical, laboratory, MRI, US and radiographic parameters were analysed by Pearson's linear correlation test.
Results
At the beginning of the study, 62 (68.9%) patients were taking various DMARDs, while 39 (43.3%) were taking CSs. At baseline visit, all patients started treatment or continued previous therapy with at least one DMARD.
Indicators of disease activity and structural damage Despite the slight improvement recorded by clinical and laboratory indicators of disease activity, SG erosion score, JSN score and TSGS showed progression of structural damage during the 6 months of treatment. An increase in radiographic erosion score was observed in 47 (73.4%) patients, while an increase in JSN score was recorded in 34 (53.1%) patients after 6 months of follow-up. MRIs of the hands of 25 patients were taken at the baseline visit. The hand MRI erosion score and rate were high and in agreement with high baseline disease activity. A slight improvement in E/H28, PD22 and US DAS was recorded. However, similar to the radiographic scores of structural damage, US scores of structural damage (USEC and USER) showed progression during the 6 months of treatment.
Reliability of US examination and US DAS
Inter-observer reliability of physical and US examination Agreement among blinded US operators in detecting PD signals was better than agreement among blinded joint assessors in assessing joint tenderness for all relevant synovial joints (wrists, PIP joints, MCP joints, MTP joints and large joints-elbows, shoulders and knees). Kappa coefficients for PD and joint tenderness assessment and their S.E.s are shown in Table 1 .
The level of agreement between the two blinded US operators in detecting GSUS E/H of 28 joints was higher compared with the level of agreement for the clinical assessment of the number of swollen joints. Kappa coefficients of agreement for GSUS E/H28 and clinical assessment of the number of swollen joints are shown in Table 1 .
Discriminatory ability of US and physical examination to detect synovitis and swelling of wrists and MCP joints
Presence of synovitis in MRIs of wrists and MCP joints was used as the gold standard for assessing sensitivity, specificity and ROC curves for joint swelling recorded by clinical examination and for GSUS E/H. Compared with MRI, the area under the ROC curve was better for GSUS E/H than for the clinical finding of swollen wrists and MCP joints. ROC curves and areas under the curve for detecting synovitis by US and identifying swelling during joint examination of wrists and MCP joints are shown in Fig. 1 and Table 2 .
Inter-observer reliability in measuring DAS-28 and US DAS
In order to compare inter-observer agreement (reliability) for DAS-28 and US DAS, we used the cross-sectional correlations between DAS-28 (obtained by the two blinded joint assessors) and US DAS (obtained by the two blinded US operators). Pearson's correlation coefficients were higher for US DAS than for DAS-28. The correlation coefficients and null hypothesis probability are shown in Table 3 .
Construct validity of US DAS
Pearson's correlation coefficients of baseline US DAS and DAS-28 with various damage indicators and corresponding probability of null hypothesis are shown in Table 4 . US DAS showed weak to intermediate positive linear correlation with most of the damage scores and rates, such as SG scores and rates, MRI erosion rate, USECs and rates, whereas DAS-28 showed weaker, often insignificant, positive linear correlations with fewer damage scores at both baseline and follow-up.
Transversal correlation between US DAS and the other disease activity parameters
Further assessment of construct validity of US DAS in representing the activity of RA was done by calculating transversal linear correlation coefficients. These coefficients were calculated by using several parameters known to reflect RA disease activity. Pearson's correlation coefficients of US DAS at baseline and at follow-up, as well as other disease activity characteristics, are shown in Table 5 .
At baseline, significant positive linear correlations between US DAS and DAS-28, HAQ-DI, duration of morning stiffness, patients' and physicians' VAS assessments of 
123
Ultrasound disease activity score in RA activity, ESR and CRP were found. There was a significant negative correlation between US -DAS and SF-36 results. The correlation strength of US DAS with listed disease activity parameters was similar at the follow-up visit.
Preliminary cut-off points of US DAS
The baseline data on disease activity were used to calculate the cut-off points of US DAS for disease remission, low, moderate and high disease activity. Cut-off points of US DAS were calculated based on linear correlation with DAS-28. The formula used to determine the cut-off points was: US DAS = 
Discussion
The development of more reliable methods for assessing synovial inflammation is necessary for accurate monitoring of treatment response in RA. DAS-28 is still considered one of the best clinical tools for the assessment of individual disease activity. However, DAS-28 has been criticized for subjectivity of clinical assessment, the omitting of foot joints and an insufficient ability to define remission of the disease [2, 32, 33] .
In this study, we aimed to compare the constructive validity and reliability of DAS-28 with composite US DAS index, which combines the values of GSUS and PDUS assessment, laboratory and clinical variables. One of the aims of this study was to assess the inter-observer reliability of the ultrasonographic evaluation carried out by two experienced operators, and compare it with the inter-observer reliability of two joint assessors who performed clinical examination. Kappa statistics for assessing inter-observer agreement were strongly in favour of US assessment of E/H and semi-quantitative PD scoring compared with joint swelling and tenderness, respectively. Kappa coefficients were good for almost all synovial sites examined by GSUS and PDUS. Furthermore, they showed significantly better agreement than clinical examination. Other investigators [5, 34, 35] reported similar findings ( Table 6 ).
The literature search of Cheung and colleagues on inter-observer agreement for GSUS assessed by kappa statistics involving from 2 to 23 operators, covered data from eight studies. The results for kappa coefficients were in the wide range: from 0.22 to 0.87 for different groups of synovial joints. In the six studies assessing inter-observer reliability on still images, a higher degree was observed-kappa coefficients were from 0.49 to 1.0 [36] . The inter-observer agreement for clinical examination of 28 joints was poor to fair in our study. Similar results were observed in the study performed by Naredo et al. [8] in 2005 ( Table 6 ). The inter-observer agreement was even worse for the assessment of tenderness and swelling of MTP joints, ranging from 0.14 for swelling to 0.53 for tenderness [8] . In most studies done by other authors, kappa values representing inter-observer agreement were higher for the assessment of power Doppler signals (0.60.9) compared with GS findings (Table 6 ). Our choice of joint regions in composing US DAS was based on these reliability data.
In the literature search of Cheung et al. [36] , five studies that reported PD image acquisition reliability results by the kappa statistics were found. These studies reported PD findings even in large joints, which is an exception, and could cause an overestimation of kappa coefficient. Nevertheless, kappa coefficients in these studies were fair to excellent (from 0.42 to 0.95) and showed better agreement and reliability of PDUS than GSUS. According to this meta-analysis, reliability for still images was superior to image acquisition. In the same literature search [36] , eight studies were found with kappa coefficients ranging from good to excellent (0.661.0). In our study, we also found better inter-observer reliability in PD than in B-mode examination (Table 6 ). In a recent study, Dougados et al. [38] concluded that US evaluation of synovitis is an outcome measure that is probably more relevant than physical examination. Despite that, no composite system similar to DAS-28, which would replace clinical with US examination of joints, has been developed so far. Filer et al. [39] recently published a paper that addresses subclinical wrists, MTP joints and large joints involvement in patients with early undefined arthritis. The authors of this article confirmed that GSUS of wrists and MCP joints, and PDUS of MTP joints provided autonomous prognostic value for the outcome of arthritis.
The reliability of our US findings determined the importance of PDUS in favour of GSUS findings in composing the US DAS score. Therefore, PDUS findings had an advantage over the GSUS assessment and contributed more to the composite score of our US DAS. As the reliability of PD assessment of MTP joints was good to excellent, the MTP joints were included in the PDUS assessment in US DAS. However, GSUS assessment of MTP joints was excluded from the score due to low reliability previously reported by Szkudlarek et al. [29] .
Another study of Szkudlarek et al. [25] showed that imaging of the palmar aspect of PIP joints and the dorsal aspect in MCP joints had an advantage in assessing synovitis over imaging of the opposite side. These findings were the reason why we chose to scan the dorsal part of MCP and MTP joints as well as palmar part of PIP joints.
With the MRI finding of synovitis as the gold standard, our GSUS findings of E/H in wrists and MCP joints had higher sensitivity and specificity compared with clinical examination. Similar results were reported in several other studies, which compared MRI, GSUS and PDUS findings, standard X-rays and clinical examination of hand and/or other joints [35, 25] . In our study, the area under the ROC curve for the GSUS finding of joint E/H was superior to joint swelling recorded by clinical examination 
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Ultrasound disease activity score in RA of wrists (0.75 vs 0.36) and MCP joints (0.65 vs 0.55) when hand MRI finding of synovitis was used as the gold standard. Szkudlarek and colleagues examined the sensitivity and specificity of GSUS E/H finding in finger joints, using T 1 -weighted MRI sequences as the reference: overall sensitivity was 0.70 and the specificity was 0.78. The sensitivity of clinical examination of joint swelling, corresponding to signs of inflammation on T 1 -weighted MRI sequences as the gold standard, was only 0.40 and the specificity was 0.85. In our study, US DAS showed smaller variation, stronger linear correlation and a narrower CI in comparison with DAS-28, which was due to better reliability, sensitivity and specificity of US assessment compared with clinical joint examination.
Validity assessment of US DAS
True confirmation of the validity of US DAS is difficult to achieve, since there is no gold standard for the measurement of disease activity in RA. Several previous studies proved that PDUS measures actual tissue (synovial) perfusion [11, 12, 37] . These studies demonstrated the relationship between tissue blood vessel density, which was evaluated by histology as the gold standard, and PDUS signals in joints affected by synovitis.
Gadolinium-enhanced MRI can also be used in the evaluation of tissue perfusion. A couple of studies have shown a strong correlation between MRI and Doppler US measurements of tissue vascularization [14, 40] . Most studies that measured the construct validity of US DASs evaluated the correlations of these scores with other parameters and proved to be reliable for the assessment of disease activity [8, 41, 42] . In these studies, GSUS and/or PDUS scores were moderately to strongly associated with DAS-28, and with simplified indices such as Simplified Disease Activity Index and Clinical Disease Activity Index, as well as with ESR and CRP. We found a strong significant transverse correlation between US DAS and standard assessment of RA disease activity (DAS-28, ESR and CRP levels). In addition, a moderate correlation of US DAS with patients' and physicians' VAS of activity was recorded. However, the correlations of US DAS with HAQ-DI and SF-36 were weak to moderate.
In longstanding RA, HAQ-DI and SF-36 can indicate either disease activity or permanent functional impairment. Due to its natural dualism, HAQ is neither good enough to properly represent current disease activity, nor the historical disease activity that led to the present functional impairment. Having that in mind, we decided to estimate validity of US DAS by correlating it with historical parameters and future estimation of joint destruction [TSGS, TSGSR, SG erosion score (SGES) and SGER, MRI erosion score and MRI erosion rate, ultrasound erosion count (USEC) and ultrasound erosion rate (USER)].
Recent investigations have found that several PDUS scores are better predictors of the future joint damage than DAS-28 [10, 16, 43] . The majority of RA patients in clinical remission have subclinical joint inflammation, which can be detected by sensitive imaging techniques such as US and MRI. Subclinical joint inflammation is the reason for the progression of structural damage in RA patients who are in clinical remission. A number of reports confirmed a discrepancy between clinical status of remission and future outcome in patients with RA [44, 45] .
Compared with DAS-28, US DAS showed uniformly stronger correlation with the historical and the near future damage indices detected by X-ray, MRI and US. US DAS better anticipated probability of future joint damage than DAS-28. US DAS showed a narrower field of low disease activity than DAS-28 (>3.3 to 43.7 for US DAS vs >2.6 to 43.2 for DAS-28). In comparison with DAS-28, US DAS demonstrated better ability to discriminate between patients who will have progression of structural damage and those who will not. US DAS could provide further improvement in controlling disease activity and structural damage the same way it was proved for original DAS in the Tight Control of RA trial [46] .
Rheumatology key messages
. US DAS is more reliable than DAS-28 in assessing disease activity in patients with RA. . US DAS better correlated with historical damage and better anticipated future joint damage than DAS-28. . Additional studies of US DAS validity, reliability and sensitivity to change are needed. 
